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Abstract

Biliary atresia is a rare but severe congenital disease characterized by progressive
obstruction of the extrahepatic and intrahepatic bile ducts and leading to cholestasis,
fibrosis and cirrhosis of the liver in newborns. Epidemiological data demonstrate the
variability of prevalence in different regions, which indicates the possible influence of
genetic and environmental factors. The pathogenesis of the disease remains the subject
of active study and includes the interaction of immune, viral and molecular mechanisms
leading to damage to the bile ducts. Clinical diagnosis is difficult due to non-specific
symptoms such as jaundice, light feces, and dark urine, which makes early detection
critical to improve outcomes. Surgical intervention, known as Kasai surgery, remains
the main treatment method and is aimed at restoring bile outflow, however, a significant
proportion of patients eventually require liver transplantation. Current research focuses
on the search for biomarkers for early diagnosis, the study of molecular targets, and the
development of innovative therapeutic approaches, including immunomodulation and
cellular technologies. The literature data emphasize the need for an integrated approach
to disease management and further scientific research to improve clinical outcomes.

Introduction

In the structure of childhood diseas-
es, an important place is occupied by
congenital liver diseases, character-
ized by a variety of clinical forms, vary-
ing degrees of severity of liver damage,
progressive course with a frequent out-
come in cirrhosis of the liver (LC) and
disability of patients. As a rule, the early
stage of such diseases is asymptomatic.
Liver diseases are one of the most dif-
ficult problems in modern hepatology.
Liver damage in children is character-
ized by a high frequency of genetic dis-
orders (both structural and metabolic)
and a pronounced effect of the disease
on the growth, mental and physical de-
velopment of the child.

The current stage of studying liver
diseases in children is characterized
not only by significant achievements,
but also by the presence of many unre-
solved issues. One of them is the prob-
lem of early diagnosis of biliary atresia.
In the Republic of Kazakhstan, there is
no banal screening for the detection of
biliary atresia (acholia / hypocholia of
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the stool]. In this regard, early diagno-
sis was missed, and at the time of con-
tacting our center, 82% of children with
biliary atresia already have cirrhosis of
the liver, which requires liver transplan-
tation. More than 80% of patients with
extrahepatic biliary atresia who under-
go Kasai surgery before 60 days of life
have jaundice, compared with 20-35%
of patients who undergo portoenteros-
tomy later. Age at the time of surgery
remains an important predictor of the
outcome of Kasai portoenterostomy. In
cases with successful bile drainage, the
15-year survival rate is 87%. Kasai por-
toenterostomy is effective if the opera-
tion is performed within 45 days of the
child’s life. In world practice, the indica-
tion for Kasai portoenterostomyis clear-
ly regulated. In the presence of cirrhosis
of the liver, this operation is contraindi-
cated. Timely diagnosis and treatment
helps to avoid liver transplantation in
children in 80% of cases. After 120 days,
when cirrhosis of the liver has formed,
the only way to save a child’s life is liver
transplantation.?
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To date, the criteria for the differen-
tial diagnosis of congenital liver diseas-
es have not been clearly defined. The
issue of the frequency of formation and
rate of progression of liver cirrhosis, as
well as factors contributing to its devel-
opment in other congenital liver diseas-
es, chronic viral hepatitis, autoimmune
hepatitis, and metabolic liver diseases
in children, remains relevant.?

Issues related to the patient's route
and the system and algorithm for mon-
itoring patients with biliary atresia re-
main insufficiently studied, which indi-
cates the need for an in-depth study of
this important childhood problem.

The frequency of the disease occurs
on average in 1 case per 20,000-30,000
births, accounting for about 8% of all in-
ternal organ defects in children, in Ja-
pan and China - 1in 9600, in the USA 1
in 10,000 - 15,000, in Europe 1in 16,000.
About 15-25% of children have other
congenital malformations.*

Materials and Methods

To prepare this literature review, a
systematic search was conducted for
publications on biliary atresia in inter-
national and national medical databas-
es. Original articles, reviews, clinical
recommendations, and case reports
published in English and Russian were
included.

The literature analysis was carried
out in order to identify modern ideas
about the pathophysiology of the dis-
ease, methods of early diagnosis, sur-
gical and conservative treatment, as
well as outcomes in patients of different
ages. The articles were evaluated based
on data quality, research methodology,
and reliability of the information provid-
ed. The systematized information was
grouped into thematic blocks: epidemi-
ology, etiology, clinical picture, diagnos-
tic approaches, surgical interventions
and long-term treatment outcomes.

This approach allowed us to obtain
a comprehensive understanding of the
current state of knowledge about biliary
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atresia and identify promising areas for
further research.

Ethical approval. This study is a re-
view of published scientific evidence and
did not include interventions involving
humans or animals. In this regard, the
approval of the ethics committee was
not required. All the sources used were
publicly available, and the work was
carried out in accordance with the prin-
ciples of scientific honesty and correct
citation.

Results

Among diseases of the hepatobiliary
system in infants of the first months of
life, biliary atresia occupies a dominant
position, occupying 45% of all cases.*
Studies conducted by both domestic and
foreign specialists confirm that asthma
is the most common reason for the need
for liver transplantation in children.5¢
Kasai surgery, or portoenterostomy, is
universally recognized as the optimal
treatment for biliary atresia. During
this operation, obliterated bile ducts are
eliminated, restoring the normal out-
flow of bile through the bile ducts. The
effectiveness of surgical intervention in
biliary atresia (BA] is assessed accord-
ing to the following criteria: the appear-
ance of yellow stools, the disappearance
of jaundice and a decrease in the con-
centration of total bilirubin to less than
34 mmol /L within 3-6 months after sur-
gery.’8s

Diagnostics

1. Screening programs using fecal
coloration assessment (acholia/hypo-
cholia) are widely used in the early diag-
nosis of biliary atresia.

2. Biochemical blood analysis.

3. Ultrasound of the abdominal or-
gans, MRCP.

However, in the conditions of the Re-
public of Kazakhstan, late diagnosis is
noted due to non-compliance with diag-
nostic standards. In the world ° and in
our country, biliary atresia is the main
indication for liver transplantation (Fig-
ure 1, 2, 3, 4).
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Picture 1(a,b).

The stool chart. Characteristic
signs of biliary tract atresia,
present from the first days of a
child’s life, are acidic (discolored)
stools (1, 2, 3) and intense dark
("beer”) colored urine. A stool
chart is used to evaluate the
feces of a newborn. The card
includes directions to contact
Perinatal Services British
Columbia for follow up if their
newborn’s stool colour looks
abnormal. (http://bit.ly/biliary_
atresia).

Figure 1.

Evaluation of the Pediatric
Patient for Liver Transplantation:
2014 Practice Guideline by

the American Association

for the Study of Liver

Diseases, American Society of
Transplantation and the North
American Society for Pediatric
Gastroenterology, Hepatology
and Nutrition Robert. (Squireset
al. Hepatology, Vol. 60, No. 1,
2014)

Figure 2.

Indications for liver
transplantation in children in
the Republic of Kazakhstan
(data from Syzganov National
Scientific Center of Surgery).
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Age at Kasai Portoenterostomy

As can be seen in the figure, Ka-
sai portoenterostomy is effective if the
procedure is performed on time.® Thus,
timely diagnosis and treatment helps to
avoid liver transplantation in children in
50% of cases.

The success rate of surgical interven-
tion ranges from 36% to 87.2%. In case
of ineffectiveness of KPE (Kasai portoen-
terostomy), it is necessary to perform LT
within 6-12 months after surgery, oth-
erwise death is possible due to the de-
velopment of liver failure.'” To date, not
all the determining factors affecting the
effectiveness of surgical treatment have
been fully identified.

Late diagnosis of diseases remains
an urgent problem at the global level.
Untimely detection of liver disease can
not only negatively affect the progno-
sis, but also lead to an increased risk of
complications. Hemorrhagic syndrome,
which occurs in various locations, and
intracranial hemorrhages are consid-
ered particularly dangerous, which, even
with the restoration of liver function af-
ter transplantation, are irreversible.>"
Early diagnosis and administration of
vitamin K preparation can prevent the
development of hemorrhagic syndrome
in children with congenital vitamin K de-
ficiency."” Therefore, the study of clinical,
laboratory and ultrasound signs of the
disease in the early postpartum period
is a primary task for the timely detection
of BA.

The patient’'s age during Kasai sur-
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gery plays a significant role, but is not
the only factor influencing the outcome
of surgical treatment.'®"® Several stud-
ies have been devoted to the study of
both pre- and postoperative laboratory
parameters, ultrasound data, and the
results of morphological analysis of
liver biopsy in order to identify factors
predicting the effectiveness of surgical
intervention. However, the results ob-
tained are ambiguous and vary signifi-
cantly.™

The development of molecular ge-
netic research methods has significantly
expanded our knowledge of the genetic
mechanisms of biliary atresia. The sci-
entific literature presents a wide range
of studies, including the analysis of can-
didate genes, genome-wide association
search (GWAS], the study of variations
in the number of copies of genes ([CNV],
and exome sequencing (WES], aimed at
identifying the causes of this disease."’®
Due to the phenotypic heterogeneity of
Alzheimer's disease [(AD), the genet-
ic characteristics of each patient can
significantly affect the severity of the
disease and the success of surgical in-
tervention. Despite this, the influence of
genetic factors on the results of surgical
treatment of BA has not yet been suffi-
ciently studied.

Despite significant progress, the
search for noninvasive markers capable
of reliably diagnosing severe liver fibro-
sis and cirrhosis in children with Bauer's
disease remains an urgent task. After
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Figure 3.

The effectiveness of the Kasai
procedure depending on the
age of the child (Japanese BA
Registry] Nioetall. SurgeryToday
2015
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all, the progression of liver fibrosis after
Kasai surgery and related complications
have a significant impact on survival with
native liver, and timely diagnosis of such
changes makes it possible to determine
the optimal time for transplantation.

Analyzing the presented information,
it can be concluded that the research
topic is highly relevant and consists in
identifying factors predicting the effec-
tiveness of Kasai surgery, based on a
comprehensive analysis of clinical, ul-
trasound, and molecular genetic param-
eters.

Biliary atresia is a progressive dis-
ease of the bile ducts, both intrahepatic
and extrahepatic. Without timely thera-
py, death occurs in the first two years of
life. The causes of BA are still not fully
understood. Kasai surgery is the main
therapeutic approach, which, however,
is palliative in nature and only prolongs
life while preserving the native liver. If
the Kasai operation is ineffective, the LT
is performed.

The essence of the operation is to
eliminate the obliterated bile ducts in or-
der to ensure the outflow of bile into the
intestine and thereby stop the develop-
ment of the disease. However, the result
of the operation is not always positive,
and its effectiveness varies over a wide
range - in about 32-59% of cases, it is
possible to prolong life with a preserved
liver up to 5-10 years. Recently, several
studies have been conducted to identi-
fy the factors that influence the results
of surgery. Among them, the age of the
patient at the time of the operation, the
qualification of the surgical surgeon,'
the presence of other congenital anoma-
lies in the child, the anatomical features
of biliary atresia,'” and the use of steroid
drugs in the postoperative period'® are
particularly highlighted.

Although gene variants have been
identified in patients with BA and their
correlation with the course of KPE has
been established, the exact effect of ge-
netic factors on the etiology and progno-
sis of treatment of patients remains un-
clear, given the polygenic nature of the
disease. The data obtained in the studies
are contradictory, and at the moment

there is no single concept defining the
predictors of the outcome of KPE.

The ineffectiveness of KPE in BA is
often accompanied by rapid progression
of the disease, resulting in cirrhosis of
the liver (LC), which requires urgent liver
transplantation (LT). The identification of
factors predicting the effectiveness of
KPE will make it possible to timely hos-
pitalize a child in a transplant center, or-
ganize the selection and training of a do-
nor, as well as optimize therapy, preven-
tive measures, and conduct full-fledged
counseling and education for parents.
This statement formulates the purpose
of this study and demonstrates the im-
portance of the chosen topic for identify-
ing factors affecting the effectiveness of
KPE in children with BA.

Biliary atresia is characterized by an
inflammatory process and subsequent
fibrous obliteration of the extrahepat-
ic bile ducts, which eventually spreads
to the intrahepatic bile system, leading
to the formation of biliary cirrhosis of
the liver.” In the vast majority of cases
(about 85%]), BA occurs in an isolated
form, not accompanied by other syn-
dromes, that is, in the perinatal period.
The embryonic (syndromic) form is di-
agnosed less frequently, accounting for
10-15% of all cases of the disease, while
the cystic form of BA is detected in 5-8%
of cases.’

The prevalence of biliary atresia in
the population varies depending on the
region, ranging from 1 in 8000 people
in Asian and African countries to 1 in
18,000 in Europe. The prevalence of the
disease is observed in girls.??" Neona-
tal cholestasis is a characteristic clini-
cal manifestation of asthma. In the first
months of life, children need to be dif-
ferentially diagnosed with a wide range
of congenital and hereditary diseases
that may disguise themselves as BA
symptoms.“?? To confirm the diagnosis,
a morphological examination of a liver
and bile duct biopsy is required during
surgery. Treatment of this pathology in-
cludes surgery and liver transplantation,
which together increases the overall
survival rate of children with this disease
to 90%.481922 The exact causes of biliary

BECTHUK XUPYPIMU KASAXCTAHA N23¢2025



BILE DUCT ATRESIA. LITERATURE REVIEW.

atresia and the factors influencing the
effectiveness of its treatment remain
the subject of active scientific research.
Among the suggested etiopathogenetic
mechanisms are genetic predisposition,
immune disorders, and the influence
of external influences, such as viral in-
fections and toxins. Numerous studies
have highlighted the significant role of
immune dysregulation in the occurrence
of this disease. Alzheimer's disease (AD)
is characterized by a fibroinflammatory
process, manifested by the infiltration of
inflammatory cells, increased expres-
sion of cytokines and chemokines during
microscopic analysis of liver biopsies of
patients. The pathogenesis of asthma is
based on an innate immune response
that triggers the activation of NK cells
and Th1-type cells, which are a subpop-
ulation of adaptive immunity helper T
cells. This mechanism attracts effector
T cells, which eventually leads to inflam-
mation and impaired patency. There is
also a decrease in the number of Treg
cells, which play a key role in suppress-
ing inflammatory processes. After biliary
tract obstruction occurs, the immune
system continues to cause damage,
even when bile outflow is restored. This
situation is caused by the activation of
T2 and T17 immune responses.? Unlike
other immune diseases of the bile ducts,
after liver transplantation, remissions of
the disease are established and are not
accompanied by relapses.’

Viral or toxic damage to the bile duct
epithelium can provoke the appear-
ance of new antigenic epitopes, which
can cause or increase autoimmune
inflammation.?? Various viruses are
considered as potential culprits for the
development of the disease, including
cytomegalovirus (CMV), human papil-
lomavirus (HPV), herpes virus type 6,
Epstein-Barr virus (EBV), reovirus and
rotavirus.?’ Some studies using PCR to
detect viral DNA/RNA or immunostain-
ing for viral IgM+ or Mx protein have
shown the presence of traces of a pre-
vious viral infection in liver tissues, but
this fact has not been confirmed in all
cases.? Currently, there is no convincing
evidence to confirm a link between viral

BULLETIN OF SURGERY IN KAZAKHSTAN

infection and the development of asth-
ma. The results of research in this area
are contradictory, due to the lack of con-
trol groups, methodological limitations,
and ambiguous interpretation of the data
obtained.?”? Despite the fact that a viral
infection can worsen the course of BA
and increase the risk of adverse conse-
quences, it is interesting that adults in-
fected with these viruses do not develop
BA.1,28,30

In Australia, scientists have discov-
ered the plant isoflavonoid, biliatreson,
which can act as an exogenous toxin
and provoke biliary tract atresia in var-
ious species. This substance is found
in plants. The plant isoflavonoid, bili-
atreson has a devastating effect on the
extrahepatic bile ducts of the larvae of
the Danio rerio (Zebrafish) fish, which
is a standard model system in biologi-
cal research. Even without direct expo-
sure to biliatreson, understanding the
key mechanisms of bile duct damage
can help identify toxins that may be as-
sociated with the development of biliary
atresia in infants.’

Data on the genetic predisposition of
patients to biliary atresia and its features
are increasingly accumulating. However,
the inheritance of this disease does not
follow the usual Mendelian laws. Despite
the fact that there are known examples
of hereditary transmission of BA, the
main cause of the disease does not have
a direct genetic origin. The widespread
occurrence of BA in some Asian regions
may indicate a more frequent occur-
rence of genetic variants associated with
asthma in these populations. However, it
is impossible to exclude the influence of
environmental factors such as nutrition,
viral load, etc., as well as differences in
diagnostic criteria used by Asian spe-
cialists.'¥ When analyzing the genetic
aspects of BA, itis necessary to take into
account the results of studies performed
with the participation of twins. In 2020,
an international meta-analysis of clin-
ical observations on the birth of twins,
where one of them suffered from BA,
analyzed 35 pairs of twins, including 19
monozygotic and 15 dizygotic pairs, as
well as one pair with an unknown ge-
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netic nature. The results showed that
in only one dizygotic pair, BAwas diag-
nosed in both twins, whereas in the re-
maining 34 pairs, the disease was de-
tected in only one of the twins (97.1%
of discordant pairs). In a retrospective
study conducted by Chinese scientists,
19 pairs of twins were identified, all of
which had different BA status, including
8 monozygotic and 11 dizygotic pairs.®? In
the case when monozygotic twins have
an identical genotype, but there is a dis-
cordance in the presence of a hereditary
predisposition, this indicates that genet-
ic factors are not the determining fac-
tors. The progression of the disease may
vary between twins. On the other hand, if
the disease is caused by an infectious or
toxic factor, it is expected that it will af-
fect both twins in the intrauterine period,
which should lead to the same dynamics
of the disease development, which does
not correspond to what is observed in
the case of discordance in twins." In cas-
es of toxic or infectious embryopathies,
especially in monozygotic twins, there is
a high frequency of concordance, reach-
ing 80%. This indicates that in most cas-
es both twins suffer from the same dis-
ease at the same time, which indicates
a significant influence of genetic factors
on the development of these patholo-
gies."® |n addition to genetic mutations,
the phenotype can be influenced by epi-
genetic modifications that are trans-
mitted according to non-classical laws
of inheritance. Thus, even monozygotic
twins with Alzheimer's disease (AD) may
show differences in the manifestation
of the disease, despite the same geno-
type, which indicates a possible role of
epigenetic factors in the development of
BA.

According to studies by various au-
thors, the incidence of BA ranges from
5 to 32 cases per 100,000 newborns.?3
The disease is more often diagnosed
in girls than in boys.® The first mention
of this disease dates back to 1817 and
belongs to J. Burns. He suggested that
the appearance of jaundice and whit-
ish stools in infants in the first months
of life may be the result of an irrevers-
ible violation of the patency of the biliary

tract, which poses a serious threat to the
child’s life. In 1852, Ch. West document-
ed a case of the disease in a 13-week-old
girl born on time from healthy parents.
Despite the successful outcome of the
birth, on the third day the child devel-
oped jaundice, which worsened every
day, and his general condition worsened.
Zhou W. emphasizes the importance of
a comprehensive approach to the diag-
nosis of AF, combining traditional and
modern ultrasound technologies with
artificial intelligence to improve the ac-
curacy and effectiveness of diagnosis.?®
The etiology of BA is still not fully un-
derstood, and various hypotheses are
being considered: viral, immune,® theo-
ry of congenital anomalies, genetic.”?
The question of the causes of BA is still
debatable, and there are many works on
its etiology in the world literature. Cur-
rently, international experts 3 distin-
guish two main anatomical types of bili-
ary atresia: syndromic (approximately
10% of cases), which is accompanied by
other congenital anomalies, such as
polysplenia, asplenia, malformations of
the abdominal cavity and heart (Situs in-
versus, pre-duodenal portal vein, gas-
trointestinal malformations), and
non-syndromic (about 90% of cases),
also known as isolated biliary atresia.
There are two main classifications of this
phenomenon: French, which includes 4
types, and Japanese / British, consisting
of 3 types.®3* Within the framework of
the French classification, type | is char-
acterized by an isolated common bile
duct and coincides with type 1 of the Jap-
anese / British classification.®® The
French classification of type Il is charac-
terized by the presence of a cyst in the
area of the liver gate and obstruction of
the common bile duct, which coincides
with type 2 in the Japanese / British
classification.® In turn, type Il according
to the French classification is deter-
mined by obliteration of the left and right
bile ducts, while maintaining the patency
of the external bile ducts (gallbladder,
cystic duct, hepatic duct and choledo-
chus), which corresponds to type 3 in the
Japanese / British classification system.
Type IV BA is characterized by obstruc-
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tion of all external bile ducts while main-
taining the patency of the intrahepatic
ducts. In the Japanese-British classifi-
cation, this form is classified as type 3.
The effectiveness of treatment in this
caseisdetermined by the type of BA.33:35:%
To date, it is not possible to diagnose AD
in the prenatal period with sufficient ac-
curacy and information.®”*® Diagnosis of
biliary atresia is a difficult task, since a
single conclusion about the presence of
pathology cannot be made based on only
one research method. In children with
asthma, physical examination may re-
veal jaundice, acolic stools, and enlarged
liver and spleen. However, the manifes-
tation of specific symptoms varies de-
pending on the age of the child. For the
early diagnosis of BA, “stool color chart”
were created in Japan, which are fo-
cused on the color of the stool and are
widely used. To diagnose BA, a complex
of studies is carried out: general and
biochemical blood analysis, coagulo-
gram, determine the spectrum of amino
acids and acylcarnitines, the level of ox-
ysterols, the spectrum of bile acids in
urine, the concentration of lactate in the
blood on an empty stomach and 20 min-
utes after eating, as well as the hormon-
al profile of the blood. A distinctive fea-
ture of cholestasis in the differential di-
agnosis of asthma from neonatal hepati-
tis is an increased level of gamma-glu-
tamyltranspeptidase (GGTP). In children
with asthma, the concentration of GGT is
significantly higher (902.7 mmol/l) com-
pared with children suffering from other
cholestatic liver diseases (263/2 mmol/l].
A study by Tang et al ¥ showed that an
increase in GGT levels above 300 mmol/L
has a high specificity (98%) in the differ-
ential diagnosis of asthma from neona-
tal hepatitis, but its sensitivity is only
38%. Tan concludes that the ratio of GGT
to AST above 2 indicates a high probabil-
ity of biliary tract atresia and requires
additional examination to confirm the di-
agnosis. An important diagnostic indica-
tor is the relationship between GGT lev-
els and age. The study by Chen et al notes
that for the assessment of cholestasis
by the level of GGT, the most optimal age
is the period up to 120 days. In newborns
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aged 31 to 60 days, the diagnosis of asth-
ma using GGT levels (more than 268
mmol/L) demonstrates high sensitivity
(80.5%) and specificity (75.6%), which
leads to a diagnostic accuracy of 79.1%.
For older age groups (61-90 days), the
recommended limit for GGT is 303
mmol/l, for 91-121 days - 298 mmol/L,
and for children older than 121 days -
252 mmol/L. It is important to note that
data from foreign studies may show a
different picture of GGT levels for differ-
ent age categories. In their study, Lyu et
al®® revealed a difference in optimal GGT
levels in BA depending on age. For chil-
dren younger than 4 weeks, the optimal
GGT index is 150 mmol/l, at the age of 4
to 8 weeks this indicator rises to more
than 250 mmol/l, and in children older
than 8 weeks it reaches 300 mmol/L.
Laboratory analysis data turn out to be
an essential factor in the diagnosis of
BA. Ultrasound diagnostics using ex-
pert-level devices has high information
content and physiological safety in the
study of the hepatobiliary system, with-
out the need for preliminary patient
training. A distinctive feature of this
method is its non-invasiveness, pain-
lessness, atraumatism and absence of
contraindications to use.*’ During the
newborn period, the diagnosis of biliary
atresia is based on certain ultrasound
features.”? These include: the absence of
a gallbladder or its unexpressed lumen,
the size of the gallbladder not exceeding
19 mm, the absence of its contractile ac-
tivity after eating, as well as the pres-
ence of a fibrous formation (fibrous tri-
angle) in the area of the liver gate. In the
case of BA, there is an increase in the
ratio of the diameter of the portal vein to
the diameter of the hepatic artery, and
poly-splice, pre-duodenal portal vein,
and situs inversusmay also occur. How-
ever, these ultrasound signs are rarely
combined in one case. For example, in
the third type, the gallbladder may be
clearly visible, while in the second type,
a cyst with anechoic filler may be found
in the area of the hepatic gate. Studies
have shown that the sensitivity of the ul-
trasound method varies from 83% to
100%, and the specificity ranges from
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71% to 100%. The diagnostic arsenal
also includes radioisotope testing and
nuclear magnetic resonance imaging.
However, none of these methods is ab-
solutely accurate and cannot guarantee
100% effectiveness. Even with the use of
allthe listed diagnostic methods, it is not
possible to exclude the need for laparo-
scopic revision of the liver gate and in-
traoperative cholangiography.®* Howev-
er, Anouti et al. believe that laparoscopy,
unlike biopsy, does not provide informa-
tion about the patency of the bile ducts
and diagnosis of biliary atresia by lapa-
roscopy is impossible. During hepatobi-
liary scintigraphy, in which techne-
tium-labeled iminodiacetic acid deriva-
tives are used,” the movement of bile
with radiopharmaceutical (RFP) into the
duodenum is analyzed. However, this
method is difficult to interpret, as noted
by Wang et al. and can only be effective in
combination with other diagnostic pro-
cedures. The sensitivity of the method
varies from 84% to 100%, and its speci-
ficity ranges from 34% to 93%. If nonin-
vasive methods do not allow the diagno-
sis of BA, especially in the presence of a
gallbladder and an acholic stool, intra-
operative cholangiography is required.
Pathomorphological analysis of liver bi-
opsy is the most accurate and sensitive
method for early diagnosis of biliary
atresia, which is critically important for
successful surgical intervention. Many
researchers agree with this position.®
Researchers Liuet al. 19 patients with
biliary atresia (mean age 64 + 18 years)
were examinedusing various diagnostic
techniques. The diagnostic accuracy of
these methods was: liver biopsy — 96.9%;
clinical examination - 70.8%, ultrasound
scan - 69.2%, hepatobiliary scintigraphy
- 58.5% and liver enzyme analysis -
50.8%. The authors of the study claim
that percutaneous liver biopsy has a high
diagnostic value not only in the diagnosis
of biliary atresia, but also in the detec-
tion of other cholestatic liver diseases.
Diagnosis with high accuracy is possible
with sufficient quality of the liver biopsy.
Anouti et al. It has been proven that per-
cutaneous liver biopsy has diagnostic
accuracy only if there are at least 5-7
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portal tracts in the sample. In the case of
asthma, the degree of morphological
changes in the liver in children cor-
relates with their age. At the age of one
month, children showed mild manifesta-
tions of cholestasis, bile duct prolifera-
tion, and fibrosis in liver biopsies, but by
the age of three months, these signs be-
came more pronounced in all children.
According to Davenport M et al., histolog-
ical examination plays a key role in the
diagnosis of BA, as in 87% (27 out of 31)
patients, histological criteria reliably
confirmed the diagnosis. The differential
diagnosis of biliary atresia includes a
distinction from other neonatal cholesta-
ses, such as Alagille syndrome, Byler's
disease, Karoli syndrome, alpha-1-anti-
trypsin deficiency, tyrosinemia, Nie-
mann-Pick type C disease, and oth-
ers.33 To accurately identify the etiology
and exclude a wide range of metabolic
and endocrine disorders manifested by
cholestasis, panels of molecular genetic
studies are conducted. Surgical treat-
ment of biliary atresia was first under-
taken by J. B. Holmes in 1916. It was he
who proposed the classification of this
disease into “correctable” and "uncor-
rectable” types. The first successful op-
erations in the “correctable” type of
asthma, which showed the effectiveness
of surgical intervention, were presented
by W. E. Ladd in 1928 in the prestigious
edition of the American Medical Journal.
The results of 11 successful operations
led to the conclusion that the clinical and
laboratory symptoms of the disease re-
gressed during surgical treatment.”?
Despite numerous subsequent attempts
at surgical intervention, according to
Zhou W., out of 147 operations, only 25
allowed to create a functionally com-
plete portoduodenoanastomosis, which
in 13 cases had a positive therapeutic ef-
fect. The patients had stool staining, de-
creased jaundice, and decreased biliru-
bin levels. However, the positive effect
proved to be short-lived, and as a result,
all children experienced a recurrence of
cholestasis, which progressed to biliary
cirrhosis, which ended in death.®

The variation in estimates of life ex-
pectancy in the presence of a native liver
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varies among European and Asian au-
thors. European researchers cite data
on a 5-year survival rate ranging from
32 to 55%, while Asian authors show
higher rates ranging from 60 to 78%.
After the b5-year milestone, the surviv-
al rate of children with native liver is
significantly reduced. In particular, the
10-year survival rate is estimated at
25-33%, and the 20-year survival rate
is 10-20%. There is a known case in the
medical literature of the longest catam-
nestic follow-up of a patient with biliary
BA, conducted by Professor Chardot from
France, which was 30 years.*® There are
many publications in the world and Rus-
sian scientific literature on the diagno-
sis and treatment of BA. BA is a multi-
component disease that requires highly
specialized treatment, and centers with
more experience in treating this pathol-
ogy show better results. The study of for-
eign and Russian studies indicates that
the life expectancy of children with con-
genital biliary atresia and preserved liv-
er is determined by a number of factors:
timely detection of pathology, the age of
the patient at the time of surgery, the se-
verity of liver fibrosis and obliteration of
the intrahepatic bile ducts, the number
of working ducts, the clinical form and
type of asthma (syndromic or non-syn-
dromic), the presence of episodes of as-
cending cholangitis and bleeding from
the gastrointestinal tract after surgery,
as well as the qualifications of the sur-
geon and the clinic’'s experience in treat-
ing children with this disease. Despite
significant progress, a number of issues
remain open. Scientists have not yet
come to a unified theory about the oc-
currence of BA, and the optimal duration
of surgery is still being debated. In addi-
tion, clear prognostic criteria based on
biochemical blood parameters have not
been developed.

The main symptoms of the BA are
manifested in the form of jaundice, white
stools and dark urine in newborns born
on time and corresponding to their ges-
tational age according to anthropomet-
ric indicators.’®4 |n the initial stage
of the disease, hepatosplenomegaly is
usually not observed, however, with the
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progression of BA and the development
of portal hypertension (PH), it can occur.
In infants with bilirubinemia, jaundice
appears on the 2nd - 3rd day of life, after
which its intensity decreases, and by the
end of the first or second week of life, it
increases. At the same time, about 60%
of full-term and 80% of premature ba-
bies show symptoms of jaundice during
the first week of life. In this regard, this
manifestation of the disease is often in-
terpreted as physiological jaundice or
jaundice caused by breastfeeding. Acho-
lia of the stool is usually a character-
istic sign of congenital acholia, but its
appearance does not always coincide
with the birth of a child. Most often, it
is noted after the discharge of meconi-
um, when the baby is already at home.
This circumstance creates difficulties
for an accurate assessment of the stool
condition by a neonatologist, since par-
ents do not always manage to correctly
determine the normal color of the new-
born's stool. Screening programs using
a newborn stool chart have already been
implemented in a number of countries.’
The main goal of these programs is to
help parents correctly interpret the color
of their child’'s stool and consult a doctor
in a timely manner if necessary.>* Stool
chart contain information about normal
shades and those that may indicate pa-
thology.® The introduction of screening
programs based on the analysis of the
newborn’s stool chart contributed to an
increase in the percentage of early diag-
nosis.*> Nevertheless, despite the suc-
cesses achieved the problem of delayed
diagnosis remains relevant at the global
level. Vitamin K-deficient coagulopathy
is a serious threat in asthma, and hem-
orrhagic syndrome, including intracra-
nial hemorrhages, may be the first sign
of the disease and a reason for exam-
ining a child. This complication is not
only life-threatening when it occurs, but
can also have long-term negative con-
sequences for the child's health, even
after transplantation. The development
of hemorrhagic syndrome is caused
by a violation of the outflow of bile into
the intestine, which is characteristic of
cholestatic liver diseases. It is important
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to note that the absorption of fat-solu-
ble vitamins, including vitamin K, occurs
only in the presence of bile in the intes-
tine. Vitamin K, in turn, plays a key role
in the synthesis of blood clotting factors
[I, VII, IXand X produced by the liver.

Early and characteristic signs of
cholestaticliver diseases, including BA,
include an increase in the level of direct
bilirubin fraction. At the same time, oth-
er biochemical parameters of cholesta-
sis, for example, y-glutamyltranspepti-
dase (GGT), alkaline phosphatase (ALP),
cholesterol, bile acids and transaminas-
es [ALT and AST), in newborns in the first
months of life may not exceed the age
norm. Markers of protein-synthetic liver
function, such as albumin and fibrino-
gen, remain stable in the first months of
life until liver failure develops. Currently,
screening programs aimed at early diag-
nosis of liver diseases are based on the
determination of both bilirubin fractions:
total and direct, as well as on the anal-
ysis of their relationship to each other.
Previously, the diagnosis of cholestasis
was based on an analysis of the ratio of
direct bilirubin to total, and if it exceed-
ed 20%, cholestatic liver disease was
diagnosed. However, modern studies
show that cholestatic liver diseases, in-
cluding neonatal jaundice, can be diag-
nosed with a high degree of confidence
already in the first two weeks of life at
a concentration of direct bilirubin above
17.1 mmol/L.* The study of ultrasound
manifestations of Alzheimer's disease
(AD) is of particular importance, since
ultrasound is not only informative, but
also a widely available imaging meth-
od. The key ultrasound signs of asthma
include changes in the structure of the
gallbladder (gall bladder), manifested
in the form of its non-manifestation or
visualization in the form of cords on ul-
trasound.

The absence of a reaction of the di-
gestive tract to food intake and chol-
eretics, as well as the presence of a
"hyperechoic strain™ are characteristic
features of BA. One of the most striking
ultrasound signs of the disease is the
symptom of a “triangular scar”, which is
visualized as a hyperechoic seal located

above the trunk of the portal vein. Some
researchers also consider enlargement
of the diameter of the hepatic artery as
an ultrasound sign of asthma. In the
early postnatal period, before the signs
of portal hypertension appear, patholog-
ical changes in the liver and spleen, such
as an increase in size and modification
of the echostructure, are usually not
observed. Magnetic resonance imaging
and hepatobiliary scintigraphy, like other
methods of imaging organs of the hepa-
tobiliary system, are not widely used be-
cause they are invasive procedures, and
their sensitivity and specificity remain
extremely low.%

The diagnostic significance of liver
biopsy is due to the fact that it allows to
detect cholestasis, proliferation of bile
ducts and giant cell transformation of
hepatocytes. In addition, a liver biopsy
makes it possible to determine the de-
gree of fibrosis in this case. The diagno-
sis of BA is established on the basis of
a morphological examination of a biopsy
of the liver and external bile ducts, as
well as upon detection of obliteration of
the common bile duct.” Kasai surgery,
or portoenterostomy, is considered the
gold standard of BA treatment, it was
developed by Professor Morio Kasai in the
1950s. The essence of surgery is to elim-
inate the blocked bile ducts and create a
new connection between the duodenum
and the bile ducts, which allows bile to
flow freely through them again. Despite
this, the effectiveness of the operation
can vary significantly, and the factors
influencing its success are still not fully
understood. In the postoperative period,
a number of complications may occur
after Kasai surgery, such as bacterial
cholangitis, dilation of the intrahepatic
bile ducts, renal failure and hepatopul-
monary syndrome, as well as progres-
sion of liver fibrosis. After surgery, 70%
of children with biliary agenesis have
increased liver fibrosis, which can later
develop into cirrhosis of the liver. Cir-
rhosis of the liver, in turn, provokes por-
tal hypertension and liver failure. The
main motive for liver transplantation in
children with BA is complications caused
by cirrhosis. Liver biopsy is considered
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the most reliable way to determine the
degree of fibrosis. This procedure is in-
vasive and carries the risk of complica-
tions, including pain, blood loss, and de-
creased blood pressure.?”’

Diagnosis of liver fibrosis by liver
biopsy is difficult due to the need for
general anesthesia, which precludes
the possibility of repeated studies and
dynamic monitoring of disease progres-
sion or regression.”*® Some studies have
revealed certain disadvantages of liver
biopsy, among which one can note the
inaccuracy of the choice of biopsy mate-
rial, as well as the subjectivity of inter-
pretation and evaluation of histological
data.®’ In the diagnosis of chronic liver
diseases in adults, such as alcoholic liv-
er disease, viral hepatitis B and C, and
non-alcoholic fatty liver disease, doctors
use non-invasive methods to determine
the degree of fibrosis, as recommended
by clinical guidelines.”*’ To date, there
are no such recommendations for de-
termining the degree of liver fibrosis in
children with chronic liver diseases.’

Liver fibrosis in adult patients with
chronic liver diseases is often assessed
using the APRI index (the ratio of aspar-
tate aminotransferase activity to platelet
count). This diagnostic method is con-
sidered simple and does not require in-
vasive interventions.” Nevertheless, the
use of the APRI index for the diagnosis
of fibrosis in children with chronic viral
hepatitis B, cystic fibrosis, and bronchial
obstructive BA does not yet have clear
recommendations.'” Currently, visual di-
agnostic methods, including Doppler ul-
trasound, are being actively developed to
determine the degree of liver damage by
fibrosis and cirrhosis in chronic diseas-
es.” Studies show that ultrasound signs,
such as splenomegaly, a slight increase
or decrease in the size of the liver lobes,
an uneven contour, increased echoge-
nicity of the parenchyma with an uneven
structure, narrowing of the hepatic veins,
dilation of the portal and splenic veins,
as well as an increase in the index of re-
sistance of the liver arteries, have high
diagnostic value in predicting cirrhosis
and portal hypertension in patients with
chronic liver diseases.”’® However, the
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research was focused on adults and old-
er children, which highlights the need
to find non-invasive biomarkers of liver
fibrosis and cirrhosis in toddlers, espe-
cially in patients with biliary atresia, for
earlier diagnosis and intervention.

The success of Kasai's surgery is de-
termined by such indicators as the ap-
pearance of stained stools, a decrease in
jaundice, and a decrease in total bilirubin
(T) to 34 micromol/L within 3-6 months
after the intervention. In the long term,
the criterion of success is survival with
the preservation of a functional liver.
However, data from different authors
indicate a different effectiveness of the
operation, which varies from 36% to 61%
in European clinics, while according to
Masaki Nio, the effectiveness of PE in Ja-
pan reaches 87.2%. Despite a significant
amount of research conducted in recent
decades, the mechanisms influencing
the effectiveness of surgery and the
prognosis of survival while preserving
the native liver are still not fully eluci-
dated.? Currently, the authors identify a
number of factors affecting the outcome
of treatment, which can be divided into
modifiable and unmodifiable. The first
group includes the patient’'s age at the
time of KPE, the surgeon’s profession-
al experience," and the use of steroid
drugs in the postoperative period.*® Un-
modifiable factors include the type of
biliary atresia, the presence of concom-
itant developmental abnormalities, indi-
cators of biochemical markers, as well
as histological examination data from a
liver biopsy: the degree of fibrosis, in-
flammatory changes, and the diameter
of the bile ducts.™

The genetic characteristics of each
patient can significantly correlate with
the severity of the disease, however, de-
spite the variety of manifestations of the
disease, research on the study of genetic
factors affecting the results of surgical
treatment, for example, Kasai portoen-
terostomy, is still limited.! Some scien-
tists have suggested that genes such as
ATAT, JAG1, and CFTR may influence the
outcome of surgery.?'48-50

An inherited disease caused by al-
pha-1-antitrypsin deficiency manifests

107



BILE DUCT ATRESIA. LITERATURE REVIEW.

itself as an autosomal recessive genetic
disorder (genotype ZZ according to the
A1AT gene)andis accompanied by patho-
logical changes. In studies conducted
with the participation of children,’ it was
revealed that the pathological alleles Z,
S and others (in the heterozygous vari-
ant) are found more often in patients
with chronic liver diseases, among which
diseases such as Budd-Chiari disease
(h = 67) are distinguished, compared
with the data the general population.
Children with asthma and the presence
of these genotypes were more likely to
require liver transplantation compared
with children with asthma and having a
normal MM genotype." In Thailand, re-
searchers conducted a WES analysis of
DNA obtained from liver biopsy samples
from 20 patients with intrahepatic jaun-
dice after portoenterostomy.’ As a result,
seven patients had complete disappear-
ance of jaundice after surgery, three had
partial improvement, while ten patients
had no improvement in portoenterosto-
my. 13 rare mutations in 9 genes asso-
ciated with known hereditary diseases
have been identified in patients with BA.
Among them are cholestatic, although
no clinical manifestations have been re-
ported. The list includes: JAG1 (Alajille
syndrome), MY0O5B (congenital microvilli
atrophy/progressive familial cholesta-
sis type 6], ABCB11 (familial intrahe-
patic cholestasis type 2], ABCC2 (Du-
bin-Jones syndrome), ERCC4 (Fanconi
anemia), KCNH1 (Zimmerman-Laband
syndrome), MLL2 (Kabuki syndrome),
RFX6 (Mitchell-Ray syndrome) and
UG1A1 (Crigler-Najjar syndrome type I).
Scientists believe that BA and other liver
diseases may have the same causes and
course. The detection of such links indi-
cates the severity of the condition and an
unfavorable prognosis for patients with
asthma whose liver is healthy.%

9% of patients with BA, out of 102
examined, had a missense mutation in
the JAG1 gene, but the classic signs of
Alagille syndrome were not diagnosed.
The researchers emphasize that chil-
dren with this genetic variant have a less
favorable prognosis and course of the
disease. At the same time, recent stud-

ies indicate that Alagille syndrome (AGS)
can manifest itself as clinical symptoms
of BA: five children who were diagnosed
with BA at an early age and pathogen-
ic variants in the JAG1 gene were found
to have developed a symptom com-
plex characteristic of AGS by the age of
three.'2

Over the past decade, a lot of data has
been accumulated on the compensatory
mechanisms of the liver in cholestasis,
which are associated with the regula-
tion of hepatocyte transporters (BSEP,
MDR1, MDR3, 0STb) and nuclear bile
acid receptors (FXR, PXR, CAR)."5? The
liver's high adaptivity to the accumula-
tion of bile acids allows it to effectively
cope with this condition. In children with
normal development, a genetically de-
termined deficiency of these receptors
does not lead to clinical manifestations
due to the presence of compensatory
mechanisms.! However, in cholestatic
diseases, including biliary atony, such
changes can act as an additional factor
contributing to the progression of pa-
thology.! Normally, hepatocytes are pro-
tected from bile acid toxicity due to the
work of hepatocyte transporters, which
remove them through the BSEP trans-
porter, and the biliary epithelium due to
FIC1 and MDR3. Based on this, studies
have been conducted to determine the
expression level of genes encoding liv-
er nuclear factors and hepatocellular
transporters as potential predictors of
liver failure in children with BA.

Studies have shown that in patients
with an unfavorable course of liver fail-
ure, the expression of the PXR and CAR
receptor genes in the liver is significant-
ly lower than in patients with a favorable
outcome.” In 5 out of 6 patients with de-
creased expression of both genes, liver
transplantation was required before they
reached one year of age (at the age of 7
to 11 months]. Earlier studies on rats
with the PXR gene turned off showed
that they had significantly higher liver
damage due to the accumulation of bile
acids compared with the control group.’
It is assumed that the decrease in CAR
and PXR levels in humans may be due
to both a genetic predisposition and in-
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flammatory diseases." It has been stud-
ied that the nuclear receptors of LC reg-
ulate the homeostasis of bile acids by in-
teracting with them and penetrating into
the cell nucleus. Inside the nucleus, they
decrease the activity of genes responsi-
ble for the synthesis and reabsorption
of LC, but at the same time enhance the
expression of genes encoding transport-
ers BSEP, MRP4 and 0STa-0STb, which
push LC out of the hepatocyte.!3"52

The WES-analysis study was con-
ducted to identify genetic mutations that
are more common in children with bili-
ary atony who require early liver trans-
plantation due to the inefficiency of KPE,
compared with children whose liver is
functioning normally. As a result of the
analysis of 98 children who needed early
liver transplantation, it was found that
the p.A934T variant in the ABCB4 gene
was more common than in the group of
97 children with a normally functioning
liver after portoenterostomy. A decrease
in the activity of the ABCB4 gene respon-
sible for the synthesis of MDR3 leads to
a decrease in the content of phospholip-
ids in bile, which can provoke damage to
cholangiocytes due to the action of bile
acids.

A study conducted in 2020 using
full-transcriptome mRNA sequencing
of 25 liver samples from patients with
Alzheimer's disease (AD) identified two
potential markers for predicting the pro-
gression of PE: MMP7 and PCK1. MMP7
is an enzyme that participates in the re-
structuring of the extracellular matrix
during the development of liver fibrosis,
and PCKT1, despite its well-known role
in gluconeogenesis, it has not yet been
fully studied in the context of the devel-
opment of BA. A significant increase in
the expression of the MMP7 gene was
observed in patients with incurable
jaundice who underwent KPE and in pa-
tients with end-stage liver failure." In
contrast, patients with a favorable KPE
outcome showed increased expression
of the PCK1 gene, while patients with
an unfavorable KPE prognosis showed a
marked decrease.” Therefore, the study
of gene expression models in liver and
biliary tract tissues can become the ba-
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sis for the creation of biomarkers pre-
dicting the outcome of KPE, which will
pave the way for the development of new
therapeutic approaches to BA."

The pathogenesis of BA maybe
caused by epigenetic changes, including
DNA methylation, histone modifications,
non-coding RNA expression, and other
similar processes.' Studies have shown
that in the cells of the bile ducts of pa-
tients with asthma, there is a significant
decrease in the level of DNA methylation
compared with patients suffering from
other types of cholestatic liver diseas-
es."® Such a decrease can lead to acti-
vation of the IFNy signaling pathway and,
as a result, to the development of in-
flammatory processes.” Various epigen-
etic changes in peripheral leukocytes,
such as CD4+ T cells, have already been
noted in individual patients with bronchi-
al asthma."'®% |t was revealed that the
platelet growth factor A gene underwent
hypomethylation, and increased (over
expressed] PDGFA production in liver
biopsies of patients probably indicates
its significant role in this process. The
mechanism of BA development ' is as-
sociated with the action of PDGF family
proteins, which stimulate the processes
of proliferation and fibrosis in various
organs. In this context, the rs9690350
(G > C) variant in the PDGFA gene cor-
relates with an increased probability of
developing BA in 506 patients, which was
revealed when compared with a group of
1,473 healthy people. In patients with
Alzheimer's disease (AD], there are dif-
ferences in the expression of certain
microRNAs in the liver compared with
healthy people. For example, mir-29b
and mir-142-5p microRNAs show in-
creased activity in the liver of patients
with asthma, and their targets are the
DNMT1 and DNMT3 genes encoding key
enzymes involved in DNA methylation.’
At the same time, the expression of mir-
145-5p microRNA, which regulates the
ADD3 gene, is reduced in the liver tis-
sues of some patients with BA."%5

The Kasai surgical procedure hepa-
toportoenterostomy, proposed in 1955,
is a method of treating asthma aimed at
preserving liver functionality and delay-
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ing the need for transplantation in chil-
dren. However, until now, little is known
about the parameters that determine
the effectiveness of this operation and
the life expectancy of patients with pre-
served liver. The genetic characteristics
of each patient, as well as the activity
levels of various genes in liver and bile
duct tissues, can serve as prognostic
biomarkers, but further scientific re-
search is required to confirm them.

Discussion

BA is a complex disease with a high
risk of progression to fibrosis and cir-
rhosis of the liver, despite modern ap-
proaches to diagnosis and treatment.
Current data confirm that an early Ka-
sai procedure significantly increases
the likelihood of restoring biliary out-
flow. However, a number of studies have
shown significant variability in outcomes
even during surgery in the first 30-45
days of life, which indicates the presence
of additional prognostic factors, includ-
ing the morphological features of the
ducts and the degree of hepatic fibrosis
at the time of the intervention.’

There are contradictions in the liter-
ature regarding the role of preoperative
diagnosis. Some authors emphasize the
high informative value of ultrasound and
serial biochemical tests for early de-
tection of BA, while others point to the
low specificity of these methods and the
need for invasive confirmation of the di-
agnosis (liver biopsy, cholangiography].
This highlights the importance of devel-
oping standardized screening protocols
and a multidisciplinary approach to pa-
tient assessment.®¢

Long-term outcomes remain prob-
lematic. Even after successful Kasai,
a significant proportion of patients
demonstrate the progression of fibrosis,
cholestatic complications, and the need
for liver transplantation. Literature data
on the use of immunomodulatory thera-
py or anti-inflammatory strategies after
surgery are still limited to small cohorts
and different surveillance protocols,
which makes it difficult to conclude the
actual effectiveness of these approach-
es.

Thus, current data indicate the need
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for an integrated approach, including
early diagnosis, individual choice of sur-
gical tactics, and standardized postop-
erative follow-up schemes. To improve
the prognosis, it is necessary to conduct
multicenter studies with sufficient sta-
tistical power aimed at identifying pre-
dictors of a successful outcome and de-
veloping optimized algorithms for man-
aging patients with BA.™

Limitations. The review is limited to
retrospective and small cohort stud-
ies with different methodologies, which
makes it difficult to compare data. Not
all studies included long-term out-
comes, and publications were reviewed
only in English and Russian, which could
exclude relevant studies.

What's Known? Biliary atresia is a
rare neonatal disease causing progres-
sive liver fibrosis and cirrhosis. Early di-
agnosis and Kasai portoenterostomy im-
prove bile flow, but outcomes vary with
age and liver damage. Standardized ear-
ly detection and management protocols
are lacking; many patients eventually
require liver transplantation.

What's New? This review highlights
current gaps in early diagnosis, het-
erogeneity of treatment outcomes, and
long-term prognosis in biliary atresia.
It emphasizes the need for standardized
screening, unified management proto-
cols, and further multicenter studies to
improve patient outcomes.

Conclusion

Biliary atresia remains a serious
neonatal liver disease with variable out-
comes despite surgical intervention.
Early diagnosis and timely Kasai por-
toenterostomy improve prognosis, but
long-term complications and need for
liver transplantation persist. Standard-
ized diagnostic and management pro-
tocols, along with multicenter research,
are essential to optimize care.
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